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Field of the Invention ^ 

x.e present invention relates to the ^nufacture o£ 
semiconductor aeviceB. nore particularly, to a '^^^^^J^ 
.ncreasin. the etching selectivity o£ o..de .nsulat.ng 
layer/silicon nitride during the formation o£ a self-alrgned 
contact hole. 

Description of the Related Art 

=r,H IT' are cross-sections showing the 
15 FIGS.IA to IC and IC are crui= 

a self-aligned contact hole 
manufacturing steps of a selt ai g „,„orv 
during the fabrication of dynamic random access memory 
(DRAM), in accordance with the prior art. 
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PIG lA shows a semiconductor substrate 10 having a thermal 
,ate ox^de 14/gate electrode 16 on the semiconductor substrate 
lo An ion-implanting region 12, serving as a source/dra.n 
region, is formed on the surface of the semiconductor substrate 
To A spacer IB is formed by a conventional method on the 
sidewalls of gate electrodes 14. An etching stop layer 20 is 
• formed above the semiconductor substrate 10. It includes a 
bottom part B adjacent to the ion- implanting region 12 
corner part C as shown in FIG. lA. 

30 »ext . referring to .IC . IB. an insulating layer 22 ot silicon 

oxide is deposited over the semiconductor substrate 10. In 

r^aM-e^rn 24 having an opening 2 6 
addition, a photoresist P^"-- ^3 defined on the 

aligning the ion- implanting region 12 is defm 



BEST AVAILABLE COPY 




Client 'sref:9002]/uM§'l-l 1-30 
File: 0548-667 2usf/ Jessica Chen/Kevin 

insulating layer 22. 

4-^ crr-G and IC . the insulating 

Afterward, referrxng to FIGS. IC ana i<- , 

layer 22 is etched by an etching gas containing (A) C,Y,, O., 
5 and argon or gas (B) C.Fs, CH.F., and argon gas in a plasma 
chamber thus forming a self-aligned contact (SAC) hole 28 or 
28' exposing the ion- implanting region 12. 

The design rule of the semiconductor devices continues to 
10 shrink about 0 . 14um. The etching of a contact hole is generally 
a critical process- 

The etching process gas composition of (A) described above, 
however, provides insufficient etching selectivity relative to 
15 the corner part C of the underlying etching stop layer 20. As 
a result, the etching stop layer 20 near the corner part C xs 
easily over-etched as shown in FIG. IC. This can cause 
undesirable short between the gate 16 and a conductive line 
filled into the contact hole 28 (not shown) . On the other hand, 
20 the gas composition of (B) described above provides lower 
etching selectivity relative to the bottom part B of the 
underlying etching stop layer 2 0 so that the surface of 
semiconductor substrate 10 is over-etched. This can result 

i-yte- mptal- oxide -semiconductor 
in poor performance m the mecax 

25 transistor. 

SX3MMARY OF THE INVENTION 

in view of the above disadvantages, an object of the 
invention is to provide a method of forming a self-aligned 
30 contact hole . This method is capable of equalizing the etching 
rate at the corner and the bottom of the etching stop layer. 

Accordingly, the above object is attained by providing 
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. method of for.in. a self -aliped con.ac. hole -"^^^^'J 
a se.ico„du=.or subs«ate having a pair of sate eXeo«odes^ 
Pirst a nitride etching stop layer is formed over the gate 
1 t;ode and semiconductor suhstrate. Then, an o.. e 
insulating layer is formed on the nitride etching stop layer^ 
«e.t, the oxide insulating layer is plasma-etched hy an e ch.ng 
gas containing C,F. and CHP, or C... and CHP, so - to form a 
self -aligned contact hole between the pair of gate electrodes. 

an e„*>odiment of the invention, the oxide insulating 
layer is preferably borophosphosilicate glass (BPSG, or 
layer i p ► etra-ethyl-ortho-silicate 

silicon oxide deposited using tetra ethy 
,TEOS,as reactive gas. Also, the nitride etching stop layer 
is preferably silicon nitride or silicon oxy-nitride. 

Moreover, in another e^odiment of the invention, the 
etching gas further comprises an inert gas such as argon gas^ 
Purthermore, in the method of forming a self-aligned 
contact hole, the C.F./CHF, mixture ratio of the etching gas is 
preferably between 0.4 and 0.75 

^cording to the method of the invention, an etching gas 
containing C.P. and CHP. or C.P. and CHP. is "^^J^^ 
insulating layer is etched to form a self-aligned "^"^^^ 
in this step, the etching rate at the corner and the bottom of 
the etching stop layer can be equalized. 

BRIEF DESCRIPTIOH OF THE DRAWINGS 

The preferred embodiment of the invention is 
• ^ J • 4- V, ■K-<:»f«=Tence to the accompanying 
hereinafter described with reference co 

drawings in which: 

FIGS.IA to IC and IC. are cross-sections showing the 
manufacturing steps of a self-aligned contact hole 
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during the fabrication of dynamic random access memory 
(DRAM), in accordance with the prior art. 

FIGS.2A to 2C are cross- sections showing the 
manufacturing steps of a self-aligned contact hole 
5 during the fabrication of dynamic random access memory 
(DRAM) , in accordance with the preferred embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 FIG. 2A to FIG. 2C are cross -sections showing the 

manufacturing steps of a self-aligned contact hole 
during the fabrication of dynamic random access memory 
(DRAM) , according to the invention. 

FIG.2A shows a semiconductor substrate 100, consisting of 
P-type mono-crystal silicon. A thermal gate oxide 140/gate 
electrode 160 is formed on the semiconductor substrate 100. 
ion- implanting region 12 0 serves as source/drain region, 
formed on the surface of the semiconductor substrate 100. A 
20 spacer 180 of silicon nitride is formed by conventional method 
on the sidewalls of gate electrodes 140. 

An etching stop layer 200, having a thickness ranging 100 
to 200 angstroms, is formed above the exposed semiconductor 

25 substrate 100 and- the spacer 180 (or gate electrode 140) by 
low-pressure chemical vapor deposition (LPCVD) . The etching 
stop layer 200 is of a nitride -containing material, such as 
silicon nitride or silicon oxy-nitride. Since the etching stop 
layer 200 is deposited according to the profile of the gate 

30 electrode 140, it includes a bottom part B adjacent to the 
ion-implanting region 120 and a corner part C as shown in FIG. 
2A. 
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Next, referring to FIG.2B, an insulating layer 220 of 
silicon oxide, having a thickness between about 6,000 and 
10,000 angstroms, is deposited over the semiconductor 
substrate 100 by chemical vapor deposition (CVD) using silane 
and tetra-ethyl-ortho-silicate (TEOS) as the reactive gas. 
Borophosphosilicate glass (BPSG) , deposited by a reactive gas 
containing tri -methyl -phosphate (TEPO) and tri -ethyl -borate 
(TEB) can be used to replace the silicon oxide material 
mentioned above. In addition, a conventional photolithography 
process comprising photoresist coating, photoresist exposing, 
and developing forms a photoresist pattern 240 having an 
opening 260 aligning the ion- implanting region 120. 

Afterward, referring to FIG. 2C, the oxide insulating layer 
22 0 is etched by an etching gas containing CsFs, CHF3, and argon 
gas in a plasma chamber, thus forming a self-aligned contact 
(SAC) hole 2 80 . In this step, the pressure of the plasma chamber 
is kept at 30 to 70 mtorr. Also, the C5F8/CHF3 mixture ratio 
is controlled between 0.4 and 0.75. The exposed etching stop 
layer 200 in the contact hole 280 is then removed by etching 
to expose the ion- implanting region 120. 

While the invention has been described with reference to 
various illustrative embodiments, the description is not 
intended to be construed in a limiting sense. Various 
modifications of the illustrative embodiments, as well as other 
embodiments of the invention, will be apparent to those person 
skilled in the art upon reference to this description. It is 
therefore contemplated that the appended claims will cover any 
such modifications or embodiments as may fall within the scope 
of the invention defined by the following claims and their 
equivalents . 
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